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(57) ABSTRACT

In at least one embodiment, a paint applicator robot is pro-
vided. The robot may include a robotic arm including a hol-
low joint and a paint applicator, a color tree disposed between
the hollow joint and the paint applicator, and a dual-lumen
line extending through the hollow joint to the color tree. The
dual-lumen line may include a paint supply path to the color
tree and a paint return path from the color tree. The robot may
include a plurality of the dual-lumen lines, for example, up to
48 dual-lumen lines, each providing a paint color to the color
tree. The robot may be included in a robotic paint station and
may be configured to receive paint from and return paint to a
drop box connected to a paint recirculation system.

18 Claims, 4 Drawing Sheets
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1
COMPACT FLUID DELIVERY SYSTEM FOR
AUTOMATION

TECHNICAL FIELD

This disclosure relates to compact fluid delivery systems
for automation, for example, in automated paint systems.

BACKGROUND

Modern manufacturing painting processes, including those
used for automotive vehicles, may generally utilize a paint
circulation system capable of delivering a plurality of paint
colors. As color may be an important characteristic to the
customer, particularly in the area of vehicles, providing a
large range of colors is important. Each color may have a
separate distribution system, including a network of supply
and return lines, a plurality of paint applicators, such as spray
guns or rotary bells, and a circulation pump that operates to
continuously circulate the paint within the system. The paint
circulation system as a whole may include a plurality of paint
reservoirs or tanks, which may include a tote tank and a day
tank for each color, pumps, supply and return lines, drop
lines, one or more spray booths, a heat exchanger, one or more
pressure regulators, and one or more paint applicator robots.

SUMMARY

In at least one embodiment, a paint applicator robot is
provided. The robot may include a robotic arm including a
hollow joint and a paint applicator, a color tree disposed
between the hollow joint and the paint applicator, and a dual-
lumen line extending through the hollow joint to the color
tree. The dual-lumen line may include a paint supply path to
the color tree and a paint return path from the color tree.

The dual-lumen line may include a first line having a first
outer diameter and a second line having a second outer diam-
eter that is larger than the first diameter, the second line
surrounding the first line. The first line and the second line
may form concentric circles in transverse cross-section. The
first line may have an inner diameter defining a first lumen and
the second line may have a second lumen defined between an
inner diameter of the second line and the outer diameter of the
first line. The first lumen may define a first flow path and the
second lumen may define a second flow path. The first flow
path may be configured to be the paint return path and the
second flow path is configured to be the pain supply path.
Alternatively, the first flow path may be configured to be the
paint supply path and the second flow path may be configured
to be the pain return path.

In one embodiment, the dual-lumen line may be configured
to extend from the color tree, through the hollow joint, and
couple to a drop box of a paint recirculation system. The robot
may be a stationary robot or a rail-mounted robot. The robot
may include a plurality of dual-lumen lines extending
through the hollow joint to the color tree, each dual-lumen
line including a paint supply path to the color tree and a paint
return path from the color tree. The plurality of dual-lumen
lines may include 35-48 dual-lumen lines and the color tree
may be configured to receive and distribute 35-48 colors.

In at least one embodiment, a paint applicator robot may be
provided including a robotic arm including a hollow joint, a
paint applicator, and a color tree disposed between the hollow
joint and the paint applicator. The robot may further include a
plurality of dual-lumen lines extending through the hollow
joint to the color tree, each dual-lumen line including con-
centric paint supply and paint return paths.
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Each dual-lumen line may include a first line having a first
outer diameter and a second line having a second outer diam-
eter that is larger than the first diameter, the second line
surrounding the first line. The first line may have an inner
diameter defining a first lumen and the second line may have
a second lumen defined between an inner diameter of the
second line and the outer diameter of the first line, the first
lumen defining a first flow path and the second lumen defining
a second flow path. Each dual-lumen line may be configured
to extend from the color tree, through the hollow joint, and
couple to a drop box of a paint recirculation system.

In at least one embodiment, a robotic paint station is pro-
vided. The paint station may include a drop box configured to
receive paint from and return paint to a paint recirculation
system and a paint applicator robot. The robot may include a
hollow joint and a color tree, and the robot may be configured
to receive paint from and return paint to the drop box. The
station may further include a dual-lumen line extending
through the hollow joint and including a paint supply path to
the color tree and a paint return path from the color tree.

Each dual-lumen line may include a first line having a first
outer diameter and a second line having a second outer diam-
eter that is larger than the first diameter, the second line
surrounding the first line. The first line may have an inner
diameter defining a first lumen and the second line may have
a second lumen defined between an inner diameter of the
second line and the outer diameter of the first line, the first
lumen defining a first flow path and the second lumen defining
a second flow path. In one embodiment, the dual-lumen line
may extend from the drop box to the color tree. In another
embodiment, the dual-lumen line may couple to a paint sup-
ply line and a paint return line and the paint supply line and the
paint return line may couple to the drop box.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a paint recirculation system;

FIG. 2 is a perspective view of a paint spray booth;

FIG. 3 is a schematic view of a robotic paint station;

FIG. 4 is a photograph of a color tree inside a painting
robot;

FIGS. 5 and 5A are a partial cutaway view of a dual-lumen
line according to an embodiment;

FIGS. 6A-6C are cross-sections of a dual-lumen line
according to several embodiments;

FIG. 7 is a schematic view of a robotic paint station accord-
ing to an embodiment; and

FIG. 8 is a schematic cross-section of a painting robot joint
including dual-lumen lines according to an embodiment.

DETAILED DESCRIPTION

As required, detailed embodiments of the present invention
are disclosed herein; however, it is to be understood that the
disclosed embodiments are merely exemplary of the inven-
tion that may be embodied in various and alternative forms.
The figures are not necessarily to scale; some features may be
exaggerated or minimized to show details of particular com-
ponents. Therefore, specific structural and functional details
disclosed herein are not to be interpreted as limiting, but
merely as a representative basis for teaching one skilled in the
art to variously employ the present invention.

With reference to FIG. 1, a parallel paint circulation system
is disclosed, referred to generally at 10. The paint circulation
system 10 may include one or more paint reservoirs or tanks
12. Each paint color in the system may have at least one tank
12, for example a large tote tank and a day tank. A pump 14
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may supply paint from each color tank 12 (e.g., a day tank)
through a paint supply conduit 16 to a paint supply header 18.
Therefore, there may be a plurality ofheaders 18, one for each
paint color. A plurality of supply drop lines 20 may be con-
nected to each paint supply header 18 and supply paint to a
paint station 22. Each paint station 22 may include a robot 24
having a paint applicator such as a spray gun or rotary bell
used to apply paint to a work piece in the spray booth 26. A
plurality of return drop lines 28 may be connected to the paint
station 22 to return unused paint to a paint return header 30. A
paint return conduit 32 may be provided to return the paint
through a back pressure regulator 34. The back pressure regu-
lator 34 may be operated by a controller 36. A second back
pressure regulator may be provided as an additional means to
control the flow ofthe paint circulating through the system 10.

While FIG. 1 illustrates a parallel paint circulation system,
the paint circulation system may also be a pressure differen-
tial paint circulation system or any other type of paint circu-
lation system known in the art. One difference between the
pressure differential system and the parallel system is that the
pressure differential system may include a connector conduit
having a valve or in-line restrictor disposed between the paint
supply header and the paint return conduit. The in-line restric-
tor may operate to provide additional control and means to
regulate the pressure within the paint circulation system.
While paint circulation systems have been described gener-
ally, one having ordinary skill in the art will be aware that
certain components may be added or removed from the sys-
tem and/or components may be rearranged or altered.

With reference to FIGS. 2 and 3, each paint station 22 may
include at least one paint applicator robot 24. One or more
paint stations 22 may be included in a spray booth 26. The
supply drop lines 20 may enter a drop box 50 at each paint
station 22. Supply lines 52 may then transfer each paint color
to a robot 24. The robots 24 may be any suitable paint appli-
cator robots, such as floor or ceiling mounted painting robots.
The robots 24 may be mounted on cat-tracks 54 in order to
allow linear movement (e.g., horizontal or lateral movement).
Examples of suitable robots 24 may include painting robots
manufactured by Fanuc, such as the P-500, P-700, and
P-1000 series robots. The robots 24 may include one or more
joints or bends 56 that allow for pivoting, bending, rotating, or
other motions. The joints may be analogous to human arm
joints, for example, a shoulder, elbow, and/or wrist. The one
or more joints 56 may provide the robots 24 with up to 6
degrees of freedom.

The supply lines 52 may travel from the drop box 50,
through the cat-tracks 54 (if present), and into the robots 24.
The supply lines 52 may be run through hollow sections or
space 58 in the joints 56. To keep the supply lines 52 tightly
packed together, brackets, ties, sleeves, or other forms of
restriction may surround the supply lines 52. The supply lines
52 may connect to a color tree 60 (also called a color block or
color changer) located within the robot 24. The color tree 60
may be located adjacent to an applicator 62 of the robot,
which sprays or applies the paint to an object (e.g., a vehicle).
In order to prevent the paint from standing in the lines, return
lines 64 may extend from the color tree 60 and return the paint
through the joints 56 of the robot 24 and back to the drop box
50. From the drop box 50, the paint travels to return drop lines
28, then to the return header 30 and return conduit 32, and
ultimately back to the tank 12 where the paint is recirculated.

With reference to FIG. 4, conventional color trees gener-
ally include separate sets of supply lines and return lines. The
supply lines connect to one portion of the color tree and a
separate set of return lines connect to another portion of the
colortreeto recirculate the colors not currently being applied.
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Within the color tree, connections between the supply and
return lines for each color allow for the paint to be circulated
when the colors are not being applied. Each supply line also
is connected to an applicator line 70 that provides paint to the
applicator 62. When a certain color is chosen to be applied,
the connection between the supply and return lines is closed
and the connection to the applicator line 70 is opened, allow-
ing the chosen paint color to flow to the applicator 62. When
a color change is made, the applicator line 70 may be cleaned
by a solvent 72. The solvent may be provided to the color tree
via one or more solvent lines 74. Each supply line may
include an associated solvent line 74 for cleaning the lines
within the color tree either prior to or after that color is used
(or both).

Accordingly, in conventional color trees, for each color
option that is provided there is a supply line and a separate
return line. A typical supply or return line has an outer diam-
eter (OD) of about 10-12 mm and an internal diameter (ID) of
about 8 mm. Therefore, the supply and return lines for each
color option each require a cross sectional area within the
robot joints of about 113 mm? (total of 226 mm? total per
color). However, this area does not account for the empty
space between the lines due to imperfect packing of circular
cross-sections. The hollow space 58 in the joints 56 may have
an approximately circular cross-section and may generally
have a diameter of about six (6) inches for the first joint 56
(which is generally the largest). The cross-sectional area of
the hollow space 58 may therefore be approximately 28.3 in>
(18,241 mm?). In addition to the paint supply and return lines,
other equipment must be passed through the hollow space 58,
such as compressed air lines, solvent lines, and other wires or
hoses. Ontop of the cross sectional area limitations within the
joints of the robots, there are also additional considerations
such as the volume within the robot at the connections to the
color trees and maintenance requirements (e.g., wrench clear-
ance limitations). As a result of these space limitations, the
maximum number of colors that may be provided to the color
tree for current robot paint applicators is 24 (which requires a
total of 48 supply and returns lines). Based on the cross-
sectional area of the first joint 56, current robots are able to
accommodate approximately one color per 760 mm? of cross-
sectional area.

The number of colors available has become a very impor-
tant consideration for automotive consumers. Customers may
expect a large variety of colors and may desire more exotic or
unconventional colors than are traditionally available. A paint
system that is limited to 24 colors, as the conventional system
is, cannot provide the variety that consumers demand. It may
be possible to replace all existing painting automation equip-
ment (e.g., robots, paint booths, facilities, etc.), however,
doing so would be extremely cost prohibitive. Larger painting
robots that could accommodate significantly more colors may
not be commercially available and may need to be designed
from scratch. In addition, increasing the size of the robots can
have negative effects on the robot performance, such as
reduced agility. Accordingly, a solution is needed that allows
for more colors options to be provided without significant
changes to the paint system robots and their supporting infra-
structure.

With reference to FIGS. 5-8, a coaxial, “tube-in-tube,” or
dual-lumen supply and return system is provided to address
the issue of adding more color options without enlarging
robots or significantly adding to/modifying the existing sys-
tem. Instead of having completely separate supply lines and
return lines, the supply lines 52 and the return lines 64 may be
combined into a single dual-lumen line 100. The dual-lumen
line 100 may have two separate flow paths, a supply path 102
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and a return path 104. The dual-lumen line 100 may include
a first, smaller diameter line or hose 106 and a second, larger
diameter line or hose 108 that surrounds the first hose 106, as
shown in FIG. 6A. The first and second hoses 106 and 108
may therefore form concentric hoses with one inside the
other. The first hose 106 may provide a first flow path 110
within its internal diameter and the second hose 108 may
provide a second flow path 112 between an outer diameter of
the first hose 106 and an inner diameter of the second hose
108. In one embodiment, the first flow path 110 may be the
return path 104 and the second flow path 112 may be the
supply path 102. However, the flow paths could also be
switched such that the first flow path 110 is the supply path
102 and the second flow path 112 is the return path 104.

In addition to concentric hoses, other configurations that
combine two hoses into a hose having a single outer diameter
may also be used in the disclosed system. One example,
shown in FIG. 6B, may include a hose having a circular
cross-section divided into two hoses having semi-circular
cross-sections to create the first and second flow paths 110
and 112. In addition to hoses having circular cross-sections,
the dual-lumen line 100 could have a non-circular cross-
section, such as rectangular or oval, such as shown in FIG. 6C.
The first and second hoses 106 and 108 could therefore
include concentric rectangular, square, or oval hoses or could
be divided in half (e.g. diagonally, across a major or minor
axis, or otherwise), as described above with respect to circular
hoses. As used in this disclosure, “dual-lumen line” includes
all of the above-mentioned configurations of supply and
return lines combined into a single structure.

Concentric hoses for manual paint application are avail-
able, such as the Monoline system from Hosco, however,
automated painting systems all use separate supply and return
lines. The concentric hoses were developed for manual paint
sprayers to reduce the number of lines, and therefore the trip
hazard, caused by separate supply and return lines. The cross-
sectional area of the lines is not a factor in manual sprayers,
since there are no tight joints for the lines to pass through, like
in paint robots. In addition, concentric hoses have signifi-
cantly higher pressure drop compared to separate supply and
return lines. Therefore, the length of the dual-lumen line may
be limited, which is problematic for rail mounted paint robots
that must have lines long enough to accommodate substantial
linear travel. To implement the dual-lumen lines 100 in the
system 10, the input pressure may need to be significantly
raised in order to overcome the increased pressure drop.
Shortening the dual-lumen lines 100 may allow for conven-
tional, or only slightly increased, input pressure to be used.
Line shortening may be accomplished by using stationary
pedestal paint robots, such as the Fanuc P-1000.

By replacing separate supply and return lines 52 and 64
with a single dual-lumen line 100, significant space savings
can be achieved, which may allow for additional color options
to be added to the paint system without significant changes to
the robots and supporting infrastructure. While the dual-lu-
men lines 100 may individually have a slightly larger diam-
eter than each of the supply line and return lines 52 and 64, the
total increase in cross sectional area is reduced since the
number of lines is reduced by half. Since the cross-sectional
area increases proportionate to the square of the radius, a
small increase in the diameter of the dual-lumen lines 100
may allow for the same total cross-sectional area of the supply
and return paths compared to the conventional lines 52 and
64. In one embodiment, the first flow path 110 (e.g., the inside
line) may have an inner diameter (ID) of about 4-8 mm and an
outer diameter (OD) of about 6-10 mm. The second flow path
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112 (e.g., the outer line) may have an ID of about 10-14 mm
and an OD of about 12-16 mm.

Due to the increased number of shear planes acting on the
fluid flow in the second flow path 112 (e.g., the inner surface
of the outer line and the outer surface of the inner line), the
cross-sectional area of the second flow path 112 may be larger
than the cross-sectional area of the first flow path 110, in order
to compensate. The total cross-sectional area of the dual-
lumen lines may therefore be the same or lower, per color,
compared to separate supply and return lines. In addition,
since the number of hoses per color is reduced by half, the
number of gaps between lines is also greatly reduced per
color. The gaps between the lines are empty, wasted space,
therefore reducing the number of gaps frees up significant
space for additional colors.

The dual-lumen lines 100 may have fittings at each end that
are configured to control the flow paths 110 and 112. The
fitting on one end of the dual-lumen line 100 may be config-
ured to connect to a color tree 60. The fitting on this end may
allow paint supplied from the second flow path 112 (e.g., the
outer line) to enter the first flow path 110 (e.g., the inner line)
when that particular paint color is not in use. The paint is
therefore recirculated from the supply path 102 to the return
path 104. When a particular paint color is selected at the color
tree 60, a valve within the color tree opens and allows paint to
flow to the applicator line 70. When the valve is opened, the
pressure in the applicator line 70 is significantly lower than
the pressure in the supply path 102 (and, in some instances,
the return path 104) and the paint flows from one or both of the
paths 102 and 104 into the applicator line 70. Accordingly, the
single fitting of the dual-lumen line 100 attached to the color
tree 60 replaces the two separate fittings in conventional
systems (one for the supply line 52 and one for the return line
64). This reduction in the number of fittings per color signifi-
cantly reduces the area required per color on the color tree.
Each fitting must be accessible for maintenance and therefore
requires space around the fitting for tool access (e.g., wrench
clearance). By replacing two separate fittings with a single
fitting for the dual-lumen lines 100, area on the color tree 60
is freed up to accommodate additional color options.

A fitting on the other end of the dual-lumen line 100 may be
configured to split the flow paths 110 and 112 back into two
separate hoses so that the dual-lumen line 100 can be coupled
to conventional separate supply and return lines. For example,
the fitting may allow the dual-lumen line 100 to couple to
existing supply drop lines 20 and return drop lines 28 at the
drop box 50.

When a color change is made, solvent 72 from solvent lines
74 may be provided in a manner similar to that described
above for conventional paint systems to clean the applicator
line 70 and related internal components of the color tree 60
and prepare it for a new color. The solvent 72 may be mixed
with air using a solvent-air mixer to provide improved clean-
ing ability. The solvent-air mixer may continuously mix air
with the solvent to provide an aerated solvent or air and
solvent may be alternately provided to the applicator line 70.
In conventional systems, pain supply and return lines are
cleaned using a liquid solvent that is circulated through the
system in the same or similar manner as the paint itself. Since
each paint color has a separate supply and return line, the
liquid solvent adequately cleans both lines. In systems using
dual-lumen lines 100, however, there may be instances where
the outer surface of the inner line contacts the inner surface of
the outer line, for example, when the lines 100 make sharp
bends around corners. Using the conventional liquid solvent-
only approach to cleaning the dual-lumen lines 100 may
therefore not be adequate to clean these difficult areas. In one
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embodiment, a solvent-air mixer may be used to clean the
dual-lumen lines 100. Mixtures of solvent and air or alternat-
ing pulses of solvent and air may be circulated through the
dual-lumen lines 100 in order to provide increased cleaning
power. The increased cleaning power may therefore better
clean the areas where the inner and outer lines make contact.
In one embodiment, the same solvent-air mixer used to clean
the color tree 60 may be used to back flush the lines 100 for a
certain color, thereby eliminating the need for a separate
mixer and additional piping and equipment. For spray booths
having potentially dozens of robots, each having 30, 35, 40+
colors, this use of existing equipment may provide significant
cost and equipment savings. Using the same solvent-air mixer
may also improve safety, since the cleaning can be initiated by
an operator remote from the robot itself. This may reduce the
danger of a spark igniting the aerated solvent while a person
is nearby.

In one embodiment, dual-lumen lines 100 may extend from
the drop box 50 to the color tree 60. The dual-lumen lines 100
would therefore extend through the cat-track (if present),
through the joints 56 of the robot 24, and connect to the color
tree 60. In another embodiment, the dual-lumen lines 100
may only comprise a portion of the supply and return lines
extending from the drop box 50 to the color tree 60 in the
robot 24, as shown in FIG. 7. For example, a portion 120 of the
supply and return lines may include the conventional separate
supply and return lines 52 and 64 and a portion 122 of the
supply and return lines may include dual-lumen lines 100.

In one embodiment, conventional, separate supply and
return lines 52 and 64 may be coupled to the drop box 50 and
extend through the cat-track (if present) to the robot 24. A
transition may then be made from the conventional, separated
lines to dual-lumen lines 100 at or near the base of the robot
24 (e.g., in a bulkhead). The dual-lumen lines 100 may then
extend through the robot 24 and its joints 56 to the color tree
60. Since space within the robot joints 56 is more limited than
space in the paint booth in general, this embodiment may
allow for the dual-lumen lines 100 to only be installed where
the need to save space is more urgent. In addition, as
described above, dual-lumen lines 100 may have substan-
tially increased pressure drop compared to the conventional,
separate lines 52 and 64. This increased pressure drop may
practically limit the length of the dual-lumen lines 100 that
may be used in the system 10. Accordingly, in embodiments
where the robot 24 is a stationary robot (e.g., pedestal robot),
the dual-lumen lines 100 may extend from the drop box 50 all
the way to the color tree 60. In embodiments where the robot
24 is rail mounted and has a cat-track, the dual-lumen lines
100 may extend from the color tree 60 and through at least a
portion of or the entire robot 24. The dual-lumen lines 100
may then be coupled to conventional lines 52 and 64 that
connect to the drop box 50.

Due to the reduction in cross-sectional area as a result of
using dual-lumen lines 100 instead of conventional, separate
supply and return lines 52 and 64, it may be possible to
provide substantially more color options using a single robot
applicator without increasing the robot size. In one embodi-
ment, up to 48 color options may be provided to a single color
tree within a robot (e.g., double the current amount). For
example, 30 to 48 colors may be provided to a single color
tree within a robot. Any sub-range of colors may also be
provided, such as 35 to 48, 40 to 48, 35-45, 35 to 40, or others.
It is of course also possible to replace separate supply and
return lines with dual-lumen lines 100 without increasing the
number of color options (e.g., up to about 24) or only increas-
ing the color options by a small number (e.g., to 25-30), since
doing so would still reduce line congestion within the robot
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joints, provide additional room for maintenance or other
equipment, potentially allow greater freedom of movement
for the robot, or other reasons.

As discussed above, robots 24 have joints 56 with a limited
amount of cross-sectional area inside. Rather than quantify-
ing the number of total colors that a color tree with dual-
lumen lines 100 may receive, the number of color options
may be expressed as an area per color. For example, if the
robot joint has a hollow space 58 with a diameter of 6 inches
(area of approximately 28.3 in® or 18,241 mm?) and 46 color
options are provided using dual-lumen lines 100, as shown in
FIG. 8, then there may be one color per 397 mm?>.

Since the supply and return connections in the color tree are
in combined in systems using the dual-lumen lines 100, the
shape and/or configuration of the color tree may be changed
from the conventional rectangular form factor. Since each
color option only requires one line 100, it is not necessary for
there to be two separate supply and return connections.
Rather, each dual-lumen line 100 can attach in any manner or
location. Due to the increased number of color options, it may
be advantageous to modify the shape, form factor, or configu-
ration of the color tree in order to accept the increased number
of colors. Each dual-lumen line 100 may still require wrench
clearance, so the lines may be offset from one another to
provide additional space between connections. In addition,
the shape of the color tree may be modified from a generally
rectangular structure to a half-cylinder structure, a half-moon
structure, or some other full or half prism structure. For
example, the color tree may be a full or half hexagonal or
octagonal prism. Providing multiple, angled faces may allow
for more color options to be included while still allowing
space for maintenance (e.g., wrench clearance limitations).

While exemplary embodiments are described above, it is
not intended that these embodiments describe all possible
forms of the invention. Rather, the words used in the specifi-
cation are words of description rather than limitation, and it is
understood that various changes may be made without depart-
ing from the spirit and scope of the invention. Additionally,
the features of various implementing embodiments may be
combined to form further embodiments of the invention.

What is claimed is:

1. A paint applicator robot comprising:

a robotic arm including a hollow joint and a paint applica-

tor;

acolor tree disposed between the hollow joint and the paint

applicator; and

a plurality of dual-lumen lines extending through the hol-

low joint to the color tree, each dual-lumen line includ-
ing a paint supply path to the color tree and a paint return
path from the color tree;

wherein the plurality of dual-lumen lines includes 35-48

dual-lumen lines each having a single end-fitting and the
color tree is configured to receive and distribute 35-48
paint colors, each paint color having only a single con-
nection on the color tree connected to the single end-
fitting of one of the 35-48 dual-lumen lines.

2. The robot of claim 1, wherein each of the dual-lumen
lines includes a first line having a first outer diameter and a
second line having a second outer diameter that is larger than
the first diameter, the second line surrounding the first line.

3. The robot of claim 2, wherein the first line and the second
line form concentric circles in transverse cross-section.

4. The robot of claim 2, wherein the first line has an inner
diameter defining a first lumen and the second line has a
second lumen defined between an inner diameter of the sec-
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ond line and the outer diameter of the first line, the first lumen
defining a first flow path and the second lumen defining a
second flow path.

5. The robot of claim 4, wherein the first flow path is
configured to be the paint return path and the second flow path
is configured to be the paint supply path.

6. The robot of claim 4, wherein the first flow path is
configured to be the paint supply path and the second flow
path is configured to be the paint return path.

7. The robot of claim 1, wherein each of the dual-lumen
lines are configured to extend from the color tree, through the
hollow joint, and couple to a drop box of a paint recirculation
system.

8. The robot of claim 1, wherein the robot is a stationary
robot.

9. The robot of claim 1, wherein the robot is a rail-mounted
robot.

10. A paint applicator robot comprising:

a robotic arm including a hollow joint, a paint applicator,
and a color tree having 30-48 paint color connections,
one per paint color, disposed between the hollow joint
and the paint applicator; and

30-48 dual-lumen lines extending through the hollow joint
to the color tree, each dual-lumen line including concen-
tric paint supply and paint return paths and a single
end-fitting connected to one of the 30-48 paint color
connections.

11. The robot of claim 10, wherein each dual-lumen line
includes a first line having a first outer diameter and a second
line having a second outer diameter that is larger than the first
diameter, the second line surrounding the first line.

12. The robot of claim 11, wherein the first line has an inner
diameter defining a first lumen and the second line has a
second lumen defined between an inner diameter of the sec-
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ond line and the outer diameter of the first line, the first lumen
defining a first flow path and the second lumen defining a
second flow path.

13. The robot of claim 10, wherein each dual-lumen line is
configured to extend from the color tree, through the hollow
joint, and couple to a drop box of a paint recirculation system.

14. A robotic paint station comprising:

a drop box configured to receive paint from and return paint

to a paint recirculation system;

apaint applicator robot including a hollow joint and a color

tree having 30-48 paint color connections, one per paint
color, the robot configured to receive paint from and
return paint to the drop box; and

30-48 dual-lumen lines extending through the hollow joint

to the color tree, each dual-lumen line including concen-
tric paint supply and paint return paths and a single
end-fitting connected to one of the 30-48 paint color
connections of the color tree.

15. The robot of claim 14, wherein each dual-lumen line
includes a first line having a first outer diameter and a second
line having a second outer diameter that is larger than the first
diameter, the second line surrounding the first line.

16. The robot of claim 15, wherein the first line has an inner
diameter defining a first lumen and the second line has a
second lumen defined between an inner diameter of the sec-
ond line and the outer diameter of the first line, the first lumen
defining a first flow path and the second lumen defining a
second flow path.

17. The robot of claim 14, wherein each of the dual-lumen
lines extends from the drop box to the color tree.

18. The robot of claim 14, wherein each of the dual-lumen
lines couples to a paint supply line and a paint return line and
the paint supply line and the paint return line couple to the
drop box.



